Objective : Spontaneous cerebellar hemorrhage (SCH) is less common than supratentorial intracerebral hemorrhage. This study investigated the treatment of SCH and the relation between its clinical and radiological manifestation and outcome.
INTRODUCTION
Spontaneous cerebellar hemorrhages (SCHs) are rare, accounting for 6.36-16.4% of all Intracerebral hemorrhages (ICHs). 1)19) Owing to the narrow space, however, even a small amount of hemorrhage can compress the brainstem, resulting in rapid deterioration of clinical symptoms, leading to dangerous consequences. 22)26) For that reason, surgical treatments are more often necessary in cases of cerebellar hemorrhage compared to supratentorial ICHs, and cerebellar hemorrhages have higher mortality and morbidity rates. 25) To decrease mortality and morbidity rates, a rapid diagnosis must be made and adequate treatment administered immediately. However, compared to supratentorial lesions, the risk factors related to clinical and radiological findings are not well established in cases of cerebellar hemorrhage.
Since the report by Little et al., 11 ) the hematoma diameter has been considered a significant factor in the decision-making process for optimal treatment. We studied based on hematoma diameter as well as hematoma volume.
In this study, the relationship between clinical and radiological findings in the prognosis of patients with
SCHs was compared and analyzed and we attempted to determine the factors affecting prognosis. We further investigated the management and outcome of SCHs.
MATERIALS AND METHODS
The authors had 41 patients diagnosed with SCHs Hydrocephalus was defined as an Evans ratio great- ( Fig. 1 ). Hematoma expansion within 48 hours was defined as an increase in volume of > 30% or > 6 Ml from baseline brain CT scan, using the criteria of Wada et al. 24) In our institute, the indications for surgical treatment were provided by the American Heart Association/ merican Stroke Association (AHA/ASA). Values are presented as number (%) Values are presented as number (%). GOS = Glasgow outcome scale; GCS = Glasgow coma scale conservatively. All surgeries were performed on patients in the prone position, and hematomas were removed using suboccipital craniotomy and EVD.
The treatment results were assessed using the Glasgow Outcome Scale (GOS) at discharge, and a GOS score of 4 or more was classified as a favorable result; a score of 3 or below was classified as an unfavorable result. These results were then compared with various clinical factors.
Statistical analysis was performed using SPSS version 11.0 (SPSS Inc., Chicago, IL, USA), and the Values are presented as mean ± SD or number (%). GCS = Glasgow coma scale; IVH = intraventricular hemorrhage; EVD = external ventricular drainage. *p < 0.05 Table 4 . Clinical and radiologic features of patients with cerebellar hemorrhage: patients categorized according to treatment received (9 GCS 13 and hematoma volume 10 mL)
The cerebellar hemorrhage was located in the cerebellar hemisphere in 30 patients (73.2%), and in the cerebellar vermis in 11 patients (26.8%). The mean largest diameter of the hematoma was 3.2 ± 1.5 cm, and 24 patients (58.5%) had hematomas larger than 3
cm. The mean volume of the hematomas was 11.0 ± 11.5 mL, and 16 patients (39%) had a hematoma volume over 10 mL (Table 1) . In this study, the association between hematoma volume and largest diameter and GOS score had statistical significance (p < 0.001).
Patients with IVH on brain CT had a worse outcome Table 1) .
In treatment prognosis, 11 patients had a GOS score of 1 (29.3%), 4 had a score of 2 (9.8%), 1 had a score of 3 (2.4%), and 25 had a score of 5 (61%). The mortality rate was 26.8%, and the morbidity rate was 39% (Table 3 ).
In 6 of the 14 patients with a hematoma volume greater than 10 mL and an initial GCS score of 9-13, surgical hematoma removal was performed, and extraventricular drainage was performed in 3 patients with hydrocephalus. The mean hematoma volume in patients who underwent surgical hematoma removal was 23.6 ± 14.4 mL. In the other 8 patients who underwent conservative treatment, the mean volume was 22.4 ± 9.1 mL ( Table 4) . The difference in degree of 4th ventricular compression between the groups who underwent surgery and who underwent conservative treatments had statistical significance (p = 0.043) ( Table 4 ). There was no statistical significance with regard to gender, age, GCS score, hematoma volume, or hematoma diameter.
In the group with initial GCS scores 9-13 and hematoma volume was greater than 10 mL, the GOS score in the surgery group indicated good outcomes in 3 patients (50%) and poor outcome in 3 patients (50%); the GOS score in the conservative treatment group indicated poor outcomes in all 8 patients (100%). The association between surgery performance and GOS score was statistically significant (p = 0.030) ( Table 5 ). There was no occurrence of surgery-related complications, including re-bleeding, wound infection, and pseudomeningocele. Values are presented as number (%). GOS = Glasgow outcome scale; GCS = Glasgow coma scale. *p < 0.05 Table 5 . Outcome of patients with cerebellar hemorrhage: patients categorized according to treatment received (9 GCS 13 and hematoma volume 10 mL)
DISCUSSION
We found that patients between the 6th and 8th decade showed the highest incidence of cerebellar hemorrhage, corresponding with the common age range for ICH incidence. Patients were predominantly male, but age and gender were not prognostic factors in our patients.
This is in accordance with previous study results.
8)22)
The most common risk factor for cerebellar hemorrhage is hypertension, followed by coagulopathy.
2)6)16)
In this study, we confirm that hypertension was most common, found in 22 patients (52.4%), and 9 patients (21.4%) had a previous CVA.
Six (14.6%) patients were on antiplatelets and 4 (9.8%) were on anticoagulants. In some studies, antiplatelet and anticoagulant use was reported as a negative prognostic factor for cerebellar hemorrhage. No typical clinical symptoms were observed, however, owing to the specific structure of the cerebellum within the narrow posterior fossa, the clinical symptoms may deteriorate, leading to deadly consequences.
According to various studies, the location of cerebellar hemorrhage has no association with prognosis.
1)21)
However, in our study, hemorrhage in the cerebellar vermis was associated with a poor prognosis.
The hemorrhage in the cerebellar vermis easily compressed the 4th ventricle, leading to ventricular enlargement, and finally compressing the brainstem. This is thought to be the reason for the phenomenon. 21) Regarding the prognosis of cerebellar hemorrhages, Dammann et al. 4) reported that the primary conscious state of the patient is relevant. St Louis et al. 22) and Wu et al. 25) reported that a GCS score below 8 and the presence of hydrocephalus and IVH is related to early mortality. Cho et al. 1) reported that a GCS score below 10 at admission, a hematoma volume over 15 mL, obstruction of the quadrigeminal cistern, and the presence of hydrocephalus and IVH were all negative prognostic factors for a cerebellar hemorrhage.
In this study, the factors associated with a negative prognosis of SCH were low GCS score at admission, significant hemorrhage thickness and volume, presence of hydrocephalus and IVH, presence of brainstem compression, and total occlusion of the 4th ventricle. These factors were associated with a poor prognosis ( Table 1) . Hematoma expansion is associated with early neurologic deterioration and is an independent predictor of poor outcome and increased morbidity. 5)7) (Fig. 2 ). An ICH study indicated that a spot sign in the CT was strongly related to hematoma expansion. 15)18) In our study, the case that showed a spot sign indicated a poor result of hematoma expansion, however there was no statistical correlation.
In contrast to the larger percentage of patients who had hematoma volume expansion in the previous study, our sample population contained a small proportion of only 2 (4.9%) patients who had hematoma volume expansion. 15)18) Therefore, the effect of hematoma expansion might be underestimated in our results. More studies are recommended to prove this relation. however, some patients with a hematoma larger than 3 cm who underwent conservative treatment had a good prognosis as well. In addition, a hematoma volume greater than 15 mL, being equivalent with a hematoma with a maximal diameter greater than 3 cm, has also been used as a criterion in some cases.
1)
However, we found that some patients with a hematoma volume larger than 15 mL, having undergone conservative treatment, had good prognostic outcome.
Therefore, the diameter and volume of the hematoma cannot be the only surgical criteria; consciousness at admission, IVH on brain CT, presence of hydrocephalus, degree of 4th ventricular compression, and other factors should be considered indicative of surgical treatment.
In the study conducted by Cohen et al., 2) the group who underwent surgical treatment showed a worse prognosis than the conservative treatment group.
However, that result was due to many factors. First, the group who underwent surgery had worse clinical and radiological findings. Second, patients in deep coma states who underwent surgery had irreversible conditions and were included in the conservative treatment group. Therefore, conduct of a randomized control study is required in order to arrive at conclusive treatments according to prognosis.
Luparello and Canavero 12) reported that patients with a hematoma size larger than 3 cm and a GCS score worse than 9 showed an unfavorable outcome despite surgery, and patients with hematoma sizes smaller than 3 cm and a GCS score greater than 9
showed a favorable outcome. For patients with hematomas larger than 3 cm and a GCS score greater than 9, outcome depended on the location of the hematoma, and the concurrent presence of hydrocephalus, quadrigeminal cistern involvement, and IVH. These 14 patients with an initial GCS score of 9-13 and hematoma volume greater than 10 Ml were classified according to 2 groups based on treatment and then compared. In our study, a significant difference in The mortality rate for SCHs is 16.7-50%. 19)26) In our study, the mortality rate was 26.8%, fitting within that range.
CONCLUSION
In this study, the mortality rate for SCHs was 26.8%.
The factors influencing the prognosis were level of consciousness at the time of admission, and the hematoma diameter and volume of the hematoma as detected on brain CT. Evidence of brainstem compression was associated with a poor prognosis.
The outcome in the surgery group was better than in the conservative treatment group, among patients with initial GCS scores of 9-13 and hematoma volume of hematoma was greater than 10 mL.
